
IDENTIFICATION OF POLAR MATERIAL V I A  SUPERCRITICAL FLUID CHROMATOGRAPHY-FOURIER 
TRANSFORM INFRARED SPECTROMETRY 

J. W. Jordan, R. J. Skel ton and L. T. Taylor 
Department o f  Chemistry 

V i r g i n i a  Poly technic  I n s t i t u t e  and State U n i v e r s i t y  
Blacksburg, VA 24061 

INTRODUCTION 

I n  t h e  past severa l  years, a great  amount o f  i n t e r e s t  has been generated i n  
S u p e r c r i t i c a l  F l u i d  Chromatography (SFC) among separat ion chemists. 
p roper t i es  o f  a s u p e r c r i t i c a l  f l u id ,  namely low v i scos i t y ,  h igh d i f f u s i v i t y ,  and 
good s o l u b i l i t y ,  g i v e  the  mobi le  phase c h a r a c t e r i s t i c s  in termediate t o  those 
demonstrated i n  h igh  performance 1 i q u i d  chromatography (HPLC) and gas chromatography 
(GC).(l) This s i t u a t i o n  has al lowed f o r  t he  separat ion v i a  SFC o f  add i t i ona l  
compounds which are not  separable by HPLC or  GC. Thus, SFC o f f e r s  much promise i n  
the  separation o f  c e r t a i n  complex mixtures.  

Detectors t h a t  are used f o r  HPLC and GC, u l t r a v i o l e t  absorption and f lame 
ion i za t i on ,  are a l s o  success fu l l y  used f o r  SFC detect ion.  However, as i n  the  past 
when deal ing w i th  more convent ional  chromatographic methods, the need f o r  h igher  
in format ion de tec to rs  i n  SFC ex i s t s .  The success o f  Four ie r  Transform I n f r a r e d  
spect rometr ic  d e t e c t i o n  w i th  GC(2) and HPLC(3) has led t o  the obvious extens ion o f  
t h i s  technique t o  SFC. It has 
r e l a t i v e l y  good s o l u b i l i t y  f o r  many compounds, i s  nontox ic  and inexpensive. Yet, 
both s u p e r c r i t i c a l  and s u b c r i t i c a l  CO2 i n t e n s e l y  absorb i n f r a r e d  r a d i a t i o n  around 
3600 cm-l and 2400 cm-1. 
might  absorb i n  the  same region, exce l l en t  i n f r a r e d  spect ra can be obtained i n  the 
reg ions  o f  mobi le  phase I R  transparency. 

s e n s i t i v i t y .  
increase i n  the  pa th leng th  o f  t h e  f l o w  c e l l .  Th i s  increase should enhance the  
s ignal - to-noise r a t i o  o f  t he  spect ra obtained. 
lead t o  a decrease i n  t h e  width o f  the I R  window region, a subs tan t i a l  drop i n  the 
I R  thoughput, and/or a decrease i n  o v e r a l l  r e s o l u t i o n  and i n t e g r i t y  of the on - l i ne  
spect ra.  I n  t h i s  paper we present a comparison o f  two f l o w  ce l l s ,  d i f f e r i n g  i n  
leng th  and f low geometry and two mobi le  phases (CO2, Freon 23) w i th  UV-254 and FTIR 
o n - l i n e  detect ion.  I n  do ing so, we show t h e  e l u t i n g  c h a r a c t e r i s t i c s  o f  bas ic  
n i t rogen  compounds on a packed bonded-phase s i l i c a  column and compare r e t e n t i o n  
c h a r a c t e r i s t i c s  o f  a po la r  model separat ion us ing two d i f f e r e n t  s u p e r c r i t i c a l  mobile 
phases. A s e n s i t i v i t y  s tudy  w i th  a weak I R  absorbing compound employing more n e a r l y  
opt imal  chromatographic parameters than spect rometr ic  parameters i s  discussed 
wherein the  two c e l l s  are compared. 

The phys ica l  

The most commonly used mobi le  phase i n  SFC i s  CO2. 

Although these reg ions are opaque t o  any analy te which 

One problem i n  extending FTIR de tec t i on  t o  SFC i s  i n s u f f i c i e n t  de tec to r  
An obvious means o f  improving the s e n s i t i v i t y  i n  the I R  i s  through an 

However, t oo  great  a path length may 

EXPERIMENTAL 

A Hewlett-Packard (Avondale, PA) Model 10828 l i q u i d  chromatograph mod i f i ed  f o r  
s u p e r c r i t i c a l  f l u i d  chromatography and equipped w i th  a high-pressure Model 79875A 
v a r i a b l e  wavelength UV detector  was used i n  these inves t i ga t i ons .  Anaerobic grade 
CO2 (Airco, B lue f i e ld ,  WV) and Freon 23, CHF3 (Dupont Co., Wilmington, DE) were used 
fo r  t he  experiments. A N ico le t  Model 6000C FTIR was used t o  c o l l e c t  t ime-resolved, 
4 cm-1 r e s o l u t i o n  spectra. 
mercury-cadmium-tel lur ide (MCT-A) detector  was used i n  a l l  experiments. Schematic 
diagrams of the f l o w  c e l l s  employed i n  t h i s  study are shown i n  Figures 1 and 2. The 
i n t e r n a l  sur face o f  t he  5 mn path length c e l l  was a s o l i d  go ld  i n s e r t  vh ich had been 
po l i shed  l o n g i t u d i n a l l y  t o  g ive maximum i n f r a r e d  r e f l e c t i v i t y .  
dimensions were 1 mn I D  x 5 mn path length.  

A Model 7010A narrow-band (5000 - 700 cm-1) 

The i n t e r n a l  c e l l  
The c e l l  windows were 13 mn diameter x 
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2 mn t h i c k  ZnSe disks, and were sealed i n  p lace w i th  po l ype r f l uo r ina ted  elastomer 
Ka l rez  O-rings (DuPont). The main body o f  the f l o w  c e l l  was 304 s t a i n l e s s  s t e e l  
w i t h  0.010'' IO x 1/16" OD SS i n l e t  and o u t l e t  tub ing s i l ve r -so lde red  i n  place. 
second f l o w  c e l l  (F igure 2) was the high-pressure UV c e l l  provided by Hewlet t -  
Packard (1 mn I D  x 10 mn). 
used for  UV de tec t i on  wi th  CaF2 windows. 

The 

It was mod i f i ed  f o r  FTIR by  rep lac ing  the quar tz  windows 

RESULTS AND DISCUSSIONS 

Flow Cel l  Comparison 

Each o f  the two c e l l s  has been evaluated i n  the  same separat ion o f  a model 
m ix tu re  conta in ing f i v e  bas ic  n i t rogen  components. The optimum chromatographic 
condi t ions were determined v i a  UV (254 nm) detect ion.  The Gram-Schmidt 
reconst ructed chromatogram a r i s i n g  from t h e  optimized separat ion w i t h  the  5 mn c e l l  
showed o n l y  fou r  components, wh i l e  the UV t r a c e  ( i n - l i n e  a f t e r  t he  FTIR) revealed 
a l l  5 canponents. N a t u r a l l y  w i th  a UV detector, t he  e l u t i o n  order  o f  a 5 component 
m ix tu re  could o n l y  be i n d e n t i f i e d  by s i n g l e  i n j e c t i o n s  of each ma te r ia l .  Employing 
an FTIR, i n t e r p r e t a t i o n  o f  i n d i v i d u a l  f i l e  spectra af forded imnediate 
i d e n t i f i c a t i o n .  The GSR f o r  the 10 mn c e l l  showed the f i f t h  component and ove r -a l l  
b e t t e r  s ignal - to-noise f o r  the same amount i n j e c t e d  than t h a t  f o r  the sho r te r  
pathlength. 
much sharper, and the match t o  the spectrum i n  the EPA vapor-phase l i b r a r y  was 
improved. 

a n i l i n e  i n jec ted  under the  same chromatographic and spect rometr ic  cond i t i ons  used 
f o r  the f i v e  component separation. 
c e l l  4 scans / f i l e  (scan t ime = 0.45 sec/scan) were co l lected,  and coadd i t i on  over 
1 . 4 ~  o f  t he  Gram Schmidt Reconstructed peak was performed. The i n j e c t e d  minimum 
detectable quan t i t y  (IMDQ) o f  N-methy lan i l ine us ing the  5 mn path length c e l l  was 
found t o  be 156 ng (3xNrmS). 

Mobi le  Phase Comparison 

temperatures. The i r  use as a r e l a t i v e l y  I R  t ransparent  mobi le  phase i n  HPLC i s  well 
documented.(4) 
25.9'C and a c r i t i c a l  pressure o f  701.4 psi,  has been suggested t o  e x h i b i t  s i m i l a r  
e l u t i n g  c h a r a c t e r i s t i c s  as C02.(5) 
complement very we l l  the I R  windows o f  Freon 23. A seven component m i x t u r e  o f  
phenols, alcohols and es te rs  has been separated on a bonded-phase phenyl d e r i v a t i z e d  
s i l i c a  packed column under i d e n t i c a l  chromatographic cond i t i ons  us ing s u p e r c r i t i c a l  
COP and Freon 23. 
detect ion.  Afterwards sequent ia l  FTIR-UV-254 nm de tec t i on  was employed. I n j e c t i o n  
o f  approximately 30 pg/each component y ie lded  the Gram Schmidt reconst ructed 
chromatograms shown i n  F igure 3. The so lvent  i n  each case was carbon t e t r a c h l o r i d e  
which c o n s i s t e n t l y  e lu ted  f i r s t .  With UV-254 de tec t i on  t h i s  peak i s  a minor  one, 
however, w i th  FTIR de tec t i on  the  peak i s  q u i t e  in tense vh ich r e f l e c t s  the h igh  
i n f r a r e d  absorbance of CCl4. 
regard less o f  the mobi le  phase. The so lvent  s t reng th  o f  COP appears t o  be s l i g h t l y  
greater  s ince each component has a lower r e t e n t i o n  time. This i s  no tab ly  the 
s i t u a t i o n  wi th  benzyl benzoate, phenol, phenyl acetate and benzyl alcohol, the 
l a t t e r  of Hhich never e lu ted  over a reasonable t ime  pe r iod  wi th  Freon 23. 

Examination o f  the on - l i ne  I R  spectrum Of several common components from the  
C02 and Freon 23 separations i l l u s t r a t e s  t h e  complementary nature o f  I R  in format ion 
obtainable. 
i s  obscured wi th  CO2, i t  i s  r e a d i l y  observable with Freon 23. 
remainder o f  the Freon 23 spect ra i s  useless, i t  i s  those reg ions t h a t  are 

I n  t h e  same respect, the coadded f i l e  spectrum o f  each component was 

A detect ion l i m i t  s tudy was ca r r i ed -ou t  by  vary ing the  amount o f  N-methyl- 

The I R  band of i n t e r e s t  was 1608 cm-l. For each 

Cer ta in  f luorocarbons possess ra the r  moderate c r i t i c a l  pressures and 

Freon 23 ( t r i f l uo romethane)  which has a c r i t i c a l  temperature o f  

The I R  windows o f  C02 have been found t o  

I n i t i a l l y  the separations were optimized w i th  UV-254 nm 

The seven components e lu ted  i n  the same order 

For example wh i l e  the  0-H s t r e t c h i n g  mode of 2 .6 -d i - t e r t -bu ty l  phenol 
Although the  
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t ransparent w i th  C02. Consequently continuous in fo rmat ion  i s  ava i l ab le  through the 
mid- in f ra red  reg ion  except f o r  the  t r ip le-bonded absorbances around 2100 cm-1. The 
o n - t h e - f l y  spec t ra  o f  o -n i t ropheno l  i n  C02 and Freon 23 are shown i n  F igure  4. A 
r e l a t i v e l y  weak, broad bonded 0-H s t re t ch ing  mode i s  observed i n  both mobi le phases 
fo r  0 -n i t ropheno l .  
Freon 23 r e l a t i v e  t o  C02 due t o  decreased I R  throughput t o  the  de tec tor  windows. 

There i s  a loss i n  s e n s i t i v i t y  a t  t h i s  frequency M e n  using 

I n  summary, both l i g h t p i p e  c e l l s  o f f e r  very  good S/N spectra obtained on- l ine  
d u r i n g  a chromatographic run. 
SFC-FTIR, the  regions o f  t o t a l  absorbance may  hinder the  i d e n t i f i c a t i o n  o f  a 
component in a complex mix tu re .  Freon 23, although r e l a t i v e l y  opaque i n  the  IR. 
does have reasonable t ransparency from 4000 cm-l t o  2500 cm-1. 
s i m i l a r  e l u t i o n  c h a r c t e r i s t i c s  t o  C02 make method development w i th  Freon 23 f a i r l y  
easy and inexpensive. 
SFC-FTIR a l low ing  f o r  more complete i d e n t i f i c a t i o n  o f  analyte species. 

Although C02 seems t o  be an adequate mobi le phase fo r  

The seemingly 

Thus C02 and Freon 23 make a good mobi le phase p a i r  f o r  
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